Abstract Stream ecological theory predicts that the use of allochthonous resources declines with increasing channel width, while at the same time primary production and autochthonous carbon use by consumers increase. Although these expectations have found support in several studies, it is not well known how terrestrial runoff and/or inputs of primary production from lakes alter these longitudinal patterns. To investigate this, we analyzed the diet of filterfeeding black fly and caddisfly larvae from 23 boreal streams, encompassing gradients in drainage area, land cover and land use, and distance to nearest upstream lake outlet. In five of these streams, we also sampled repeatedly during autumn to test if allochthony of filter feeders increases over time as new litter inputs are processed. Across sites, filter-feeder autochthony was 21.1-75.1%, did not differ between black fly and caddisfly larvae, was not positively related to drainage area, and did not decrease with distance from lakes. Instead, lake and wetland cover promoted filter-feeder autochthony independently of stream size, whereas catchment-scale forest cover and forestry reduced autochthony. Further, we found no seasonal increase in allochthony, indicating low assimilation of particles derived from autumn litter fall. Hence, catchment properties, rather than local conditions, can influence levels of autochthony in boreal streams.
Introduction
In aquatic systems, in situ (i.e., autochthonous) primary production provides basal resources that are high in essential nutrients, and thus, important for growth and physiology of consumers (Brett et al., 2009; Gladyshev et al., 2009 ). However, most aquatic systems are to some extent subsidized by terrestrially derived (i.e., allochthonous) organic matter. While this material is of poorer dietary quality than aquatic primary production, in some systems allochthonous resources constitute the majority of the resource base (Vannote et al., 1980; Collins et al., 2016) . For example, in small streams, primary production is often limited by shading from the riparian canopy, which, at the same time, provides energy in the form of litter inputs (Hill et al., 1995; Wallace et al., 1997 Wallace et al., , 2015 . Even in lakes and large rivers, which are often autochthonous based (Carpenter et al., 1985; Thorp et al., 1998) , inputs of terrestrial dissolved organic matter (DOM) can serve as an important resource (Berggren et al., 2010; Fey et al., 2015) . At the same time, ongoing browning of boreal and temperate waters linked to increased DOM in response to climate change may limit incident light and thereby primary production (Carpenter et al., 1998) and overall consumer growth (Karlsson et al., 2009) . Further, because terrestrially derived resources are of relatively low quality to stream consumers, these resources differ in their ability to support production at higher trophic levels (Brett et al., 2017) . It is, therefore, important to understand what drives the availability and use of these different types of resources.
In streams, food-web autochthony is predicted to be lowest in the headwaters and increase downstream (Vannote et al., 1980; Collins et al., 2016) , and there should, therefore, be a simultaneous increase in secondary production downstream (Finlay, 2011; Kelly et al., 2014) . However, in small, heterotrophic streams, a peak in secondary production-and therefore, consumer allochthony-can occur soon after the seasonal input of riparian plant litter, which therefore, often coincides with an increased abundance of macroinvertebrate detritivores (Richardson, 1991; Wallace et al., 1999) . This response reflects a cascade of biological and ecological processes that ensue in response to pulses of litter. First, leaching of soluble compounds (i.e., DOM) takes place, and this DOM can represent approximately 30-42% of the total dissolved organic carbon pool during autumn (McDowell & Fisher, 1976; Meyer et al., 1988) . This DOM tends to be of higher quality than that originating from terrestrial runoff making it more available to heterotrophic microbes (Dahm, 1981; Strauss & Lamberti, 2002) , and thus more efficiently incorporated into stream food webs (e.g., Hall and Meyer, 1998) . Second, coarse organic matter (i.e., leaf litter) itself constitutes a pulse of resources that can be rapidly consumed by macroinvertebrate detritivores, which in turn produce particles (i.e., frass and faeces) that may support multiple species of filter feeders (Short & Maslin, 1977; Wallace et al., 1977; Jonsson & Malmqvist, 2005) . These consumers are, in turn, important prey for a variety of invertebrate and vertebrate predators (Wallace & Webster, 1996) . Hence, there are good reasons to believe that the overall level of allochthony in stream communities should increase during autumn (Junker & Cross, 2014) , even in systems that are already allochthonous based.
However, several studies have found surprisingly high levels of autochthony (i.e., aquatic diet) in smallstream consumers, despite low incident light and high allochthonous inputs (McCutchan & Lewis, 2002; Neres-Lima et al., 2016; Stenroth et al., 2015; Brett et al., 2017) . This deviation from predictions occurs presumably because stream autotrophic productioneven if occurring at low levels-is a much better resource than terrestrially derived organic matter, and would therefore, be favored by stream consumers (Brett et al., 2017) . Unexpectedly high autochthony may also arise from terrestrial runoff of nutrients and subsequent stimulation of aquatic primary production, if nutrients rather than light are limiting (e.g., Seekell et al., 2015) . In addition, lakes embedded within river networks can also supply streams, via their outlets, with high-quality organic resources derived from autochthonous production (Valett & Stanford, 1987) . Indeed, lake outlets are known to be hotspots for stream macroinvertebrate production, particularly for filter-feeding taxa (Cushing, 1963; Armitage, 1976; Malmqvist & Eriksson, 1995) . Thus, there are several attributes of catchments and embedded aquatic networks that may determine the availability and use of aquatic versus terrestrial resources in streams. How these attributes interact across catchments is not well known, but it is still assumed that downstream changes in stream width and canopy cover exert strong influences on patterns of basal resource use (Vannote et al., 1980; Collins et al., 2016) .
To disentangle the many factors regulating the level of autochthony versus allochthony in stream consumers, we performed a study involving deuterium isotope (dD) analysis of filter-feeding black fly and caddisfly larvae collected in 23 streams representing a gradient in stream size (i.e., drainage area; Downing et al., 2012) , land cover, land use, and distance to nearest upstream lake. At five of these sites, we also sampled once per month from September through December, to evaluate whether autumn litter inputs create short-term changes in the carbon sources used by filter feeders. Filter-feeding larvae were chosen because they are passive feeders (i.e., non-selective in their diet) and therefore, good indicators of the carbon sources available within the suspended particulate pool, which may in turn be shaped by a range of catchment-wide features and modifications (e.g., related to land use, lake cover, etc.). In particular, black fly larvae may be optimal for assessing the nature of dissolved particle loads from catchments, as they are able to feed on very small, suspended particles (Wotton, 1976) , potentially even DOM (Hershey et al., 1996; Cibrowski et al., 1997 ). Moreover, filter-feeding larvae can be highly abundant and are, therefore, of ecological importance, both as larvae and as emerged adults (Wallace & Webster, 1996; Malmqvist et al., 2004; Jonsson et al., 2013) . We hypothesized that stream size (i.e., drainage area) would be the primary determinant of autochthony versus allochthony, with a positive and negative correlation, respectively, and that the level of allochthony would increase throughout autumn, following the seasonal peak in riparian plant litter inputs.
Methods

Study area
The study was performed in boreal northern Sweden (Fig. 1 ). This region is dominated by forest, of primarily coniferous tree species, and mires, lakes, and streams are common . In terms of land use in this region, large-scale forest management has been the dominant source of forest disturbance for over a century (Esseen et al., 1997; Laudon et al., 2011a, b) , whereas agriculture is localized and rare.
In the study region, we selected sites in 23 different streams, ranging from 1st to 5th order, that each represented different catchments (Fig. 1) . Stream width ranged from 1 to 10 m with bed slopes of * 0.1-2% exhibiting pool-riffle to plane bed morphologies; bed sediments were composed of sand, gravel, and cobbles. Thus, the sites spanned large gradients in drainage area, ranging from 50 to 40,030 ha, and in distance to nearest lake outlet, although three of the smallest catchments lacked lakes (Table 1 ). In terms of land cover and land use, coniferous forests dominated, wetlands were present in all catchments, and agriculture was rare, whereas forestry (i.e., logged forest) was much more common (Table 1 ). All sites were bordered by riparian vegetation dominated by coniferous forests (Norway spruce and/or Scots pine) but also including some deciduous species (e.g., birch and alder).
Land-use classification
To classify study sites based on land use and land cover, we used GIS to determine the percentage of different types of land use and land cover in the drainage area upstream of each sampling site. We delineated and calculated drainage areas using 50-m digital elevation models using the ArcHydro package in ArcMap 10. Using land-cover data obtained from the Swedish Land Survey that are based on CORINE Land Cover nomenclature, we analyzed a 25 9 25 m grid of 60 land-use and land-cover types, of which 39 were present in our study areas. Each land-cover type belonged to one of nine land-use or land-cover categories (Table 1) , and the area representing each of these categories was recorded as a percentage of the total drainage area and was used in subsequent statistical analyses. There is a confirmed general positive relationship between drainage area and stream size (Downing et al., 2012) . Hence, we used drainage area as proxy for stream size, as it is a more integrated measure of stream size than site-specific channel width. Distance from each site to nearest lake was measured on a map as the longitudinal (network) distance to the nearest upstream lake.
Sample collection
In October, we collected black fly (Diptera: Simuliidae) and/or caddisfly (Trichoptera: Hydropsyche spp.) larvae from cobbles at all 23 sites. October was chosen as the month for the main sampling, as the insect larvae were expected to be larger than earlier in the season. We recovered sufficient biomass to perform isotopic analyses from 21 sites for black fly larvae and 12 sites for caddisfly larvae. Ten sites had sufficient amounts of both black fly and caddisfly larvae.
In the study region, leaf senescence starts in early September , and we, therefore, hypothesized that incorporation of terrestrially derived litter resources in filter-feeder biomass would increase throughout autumn. Hence, we selected five 2nd and 3rd order streams with similar local physical characteristics (i.e., width and channel slope), but of different types of catchment-scale land cover and land use, to sample filter-feeding black fly larvae once each month from September to December 2011. However, for one site (PEL) we could not find sufficient animal biomass in September, and for VEB we found a sufficient amount of larvae only in September and October.
We collected caddisfly and black fly larvae from cobbles manually, using forceps. Immediately after collection, all larvae (black flies and caddisflies, separately) were transferred to falcon tubes containing water from their home stream, and were left for 24 h to clear their guts, before being dried at 60°C for 48 h and weighed (350 lg) into silver capsules (3 individuals per taxon and stream).
In the five streams sampled repeatedly, we estimated black fly density (abundance and biomass), as a proxy for secondary production (Jenkins, 2015) from 10 randomly selected cobbles along a 50-m stretch in each site in September. The black fly larvae were preserved in 70% ethanol, and, together with the cobbles, brought back to the laboratory. Later, the black fly larvae were counted, dried at 60°C for 48 h, and weighed. To obtain area-based estimates of black fly larvae abundance and biomass, the upper surface of each cobble (i.e., the surface that was suitable habitat to black fly larvae) was covered with aluminum foil. By weighing the aluminum foil for each cobble from each stream to obtain a relationship between different aluminum foil areas and weights, we could convert obtained aluminum foil weights to cobble surface areas (Bergey & Getty, 2006) . In September, we did not find any black fly larvae in one of the five sites (PEL), and therefore, could not calculate black fly larvae density there. We could not find caddisfly larvae in streams of similar size and physical characteristics, and therefore, did not estimate their density or potential temporal trends in their diet.
Stable isotope analyses
To obtain the isotopic signature of allochthonous food sources, stream-conditioned deciduous leaves were Taxon refers to filter feeder sampled, where BF black fly larvae and CF caddisfly larvae. NA no lake in the catchment, and therefore, no distance to lake outlet Hydrobiologia (2018) 815:83-95 87 collected from 10 streams (ANG, BOS, DJA, FLA, GRA, KAL, OST, PEL, TAV, VEB) in mid-June, transported to the laboratory, and then frozen. Later, the leaves were thawed, washed, and dried in 60°C for 48 h, and leaf parts were weighed (350 lg) into silver capsules. Autochthonous food sources were represented by cobble biofilm that contains a mixture of algae and small particles (of autochthonous and allochthonous origin). To obtain biofilm, cobbles were collected from the stream bottom in seven streams (ANG, BOS, DJA, KAL, OST, PEL, TAV) in mid-June. In the laboratory, the biofilm was removed from the cobbles, using a metal brush and a small amount (a few ml) of water (Jonsson & Stenroth, 2016) . The resulting biofilm mixture was dried at 60°C for 48 h and weighed (350 lg) into silver capsules. A fraction of an organism's nonexchangeable H comes from water (i.e., dietary water) rather than assimilated food. Hence, in October, stream water was collected from all study streams, and was filtered in the field with a 0.45-lm nylon membrane filter (Sarstedt, Nümbrecht, Germany). All water samples were stored in a cooling box with ice packs before being brought to the laboratory, where they were stored at 3°C in airtight glass vials without air bubbles until analysis. Hydrogen stable isotope samples of black fly and caddisfly larvae, and potential food sources, were analyzed at the Colorado Plateau Stable Isotope Laboratory, Northern Arizona University, following Wassenaar & Hobson (2003) and Doucett et al. (2007) . The water samples were analyzed for d 2 D at the Swedish University of Agricultural Sciences, Umeå, Sweden. The d 2 D data are expressed in per mil (%) notation relative to Vienna Standard Mean Ocean Water.
The relative contribution of allochthonous leaves and autochthonous (biofilm) algae to the diets of the black fly and the caddisfly larvae was estimated through a Bayesian mixing model using the SIAR package version 4.2 (Parnell et al., 2010) for R version 2.15.1 (R Core Team, 2016) . SIAR incorporates several sources of variability within the model, such as variability of consumers, sources, and trophic fractionation factors and generates true probability distributions of potential food sources (Parnell et al., 2010) . The dietary water was accounted for in the mixing models by correcting (dD corr ) all consumer dD values (dD cons ) according to dD corr ¼ ðdD cons À ðx Ã dD water ÞÞ = ð1 À xÞ where x is the contribution of dietary water to consumer H (0.185), calculated as the mean of the estimates of x published by Solomon et al. (2009) and Wang et al. (2009) , and dD water is the mean dD value for the water samples from the specific stream.
Statistical analyses
We used analysis of variance (ANOVA) with Tukey's HSD test to compare means in dD values between black fly and caddisfly larvae, and means in black fly densities among the sites that were sampled repeatedly. To compare means in black fly dD values across time among repeatedly sampled sites, we used a hierarchical linear mixed effect model, with both month and site as fixed effects. Here, and in the first ANOVA, we used dD values rather than level of autochthony/allochthony, as results from the mixing models (based on dD values) only provided one value per site and could, therefore, not be used to calculate within-site variance. For the samples collected in October, we performed partial least squares (PLS) regression analyses on level of autochthony obtained from the mixing models, to explore how land use and land cover variables (Table 1 ) predicted the variation in dietary contribution of algae to black fly and caddisfly larvae among the sampled streams.
PLS regression relates two data matrices, predictor and dependent variables, to each other by a linear multivariate model and produces latent variables (PLS components) extracted from predictor variables that maximize the explained variance in the dependent variables. PLS regression is especially useful when predictor variables are correlated, and when there are more predictor variables than observations (Carrascal et al., 2009 ). Interpretations of the PLS regression models were based on the explanatory capacity of each component (R 2 ), the weights of predictor variables, and the variable influence on projection (VIP). Weights describe the direction and relative strength in the relationship between predictor and dependent variables for each PLS component. VIP summarizes the importance of the predictor variables and we defined variables with VIP [ 0.7 as significant for the model (Eriksson et al., 2006) . All analyses were performed in R version 3.2.4 (R Core Team, 2016) using the standard package and the PLS package version 2.16-0 for the PLS models. Our variables were visually inspected for normality and were deemed fit for parametric testing (i.e., ANOVA). PLS regression analysis does not assume normally distributed data (Hulland et al., 2010) .
Results
Allochthonous food sources estimated from leaf litter showed a dD value of -153.58 ± 8.2% (n = 10), whereas the dD value of autochthonous food sources derived from scraping biofilms was -212.86 ± 29.7% (n = 7) (mean ± 1 SD). Both estimates are within the ranges of dD values previously found for allochthonous and autochthonous resources, respectively (e.g., Doucett et al., 2007) . For autochthony in the filter feeders, there was large variation among sites, ranging from 21.1 to 75.1% (Table 2 ), but there was no significant difference in overall mean autochthony between black fly larvae and caddisfly larvae (57.9 ± 13.7 and 59.4 ± 13.4%, respectively [mean ± 1 SD]; P [ 0.05).
In contrast to our hypothesis, we found a significant (t = -2.230, P = 0.026) negative trend in black fly larvae dD values (i.e., increasing autochthony) over time, but this was mainly driven by sites DJA and VEB (Fig. 2 ). There were strong differences in mean dD values among the repeatedly sampled sites (F 4,5 = 42.869, P \ 0.001), with significantly lower values (i.e., higher autochthony) in black fly larvae from sites with higher proportions of lakes in the catchments (DJA and OST; 13.5 and 8.8% lakes, respectively), compared to those with lower proportion of lakes (i.e., GRA, PEL, and VEB; 0.3, 0, and 1.1% lakes, respectively). Among the latter group, the site with 0% lakes in the catchment (PEL) had black fly larvae with significantly higher dD values (i.e., lower autochthony) than the other four sites (P \ 0.05, in pairwise comparisons). Differences in proportion of lake in these catchments are, however, related to distance from nearest upstream lake, with the sites DJA and OST being considerably closer to a lake outlet than GRA and VEB, and PEL lacking lakes in its catchment (Table 1) .
Both the abundance and biomass of black fly larvae differed among sites (F 3,36 = 25.700, P \ 0.001 and F 3,36 = 12.920, P \ 0.001, respectively), but the only difference was between site VEB and the other three sites where black flies were found (P \ 0.05, in pairwise comparisons; Table 3 ). This difference was unrelated to among-site differences in mean dD in the black fly larvae, but the two sites (PEL and VEB) with black fly larvae showing the highest mean dD (i.e., the lowest autochthony) were the ones where we did not find black flies at all sampling events (Table 3) .
Considering all the sites surveyed, the PLS regression model for black flies (two components, R 2 = 0. 465) identified the proportions of wetlands and lakes in the catchment as the most important variables relating positively to autochthony. Conversely, low autochthony in black fly larvae was associated with a higher proportion of deciduous and mixed forest cover, and a high proportion of logged forests (Fig. 3) . Distance to lake and proportional cover of coniferous forest showed only weak negative associations with black fly larvae autochthony, and drainage area and proportional cover of agricultural land failed to be included in the model.
In the PLS regression model for caddisfly larvae (two components, R 2 = 0.561), the proportion of lake and agricultural land use in catchments were ranked as the two most important variables for high autochthony, whereas drainage area, and proportional cover of coniferous, deciduous, and logged forests (i.e., forestry) were negatively associated with high autochthony (Fig. 3) . Despite rather high loadings, distance from lake and proportional cover of wetland in catchments were only weakly, negatively related to autochthony in caddisfly larvae, and proportional cover of mixed forests in catchments was unrelated to difference in resource use.
Discussion
In contrast to our first hypothesis, i.e., that the level of autochthony would increase with increasing stream size (sensu Vannote et al., 1980) , we found no systematic change in autochthony/allochthony with increasing drainage area. Instead, catchment-scale forest cover and forestry (i.e., logged forest) were the prime promoters of allochthony in stream filter feeders across sites, presumably via influences on the runoff of terrestrial organic matter. Moreover, consumer autochthony was promoted by a high proportion of lakes in the catchments, rather than by local canopy openness (i.e., stream size), and this was not only a local lake- outlet effect (sensu Malmqvist & Eriksson, 1995) . Hence, for a better understanding of availability and use of autochthonous versus allochthonous resources in streams, it is necessary to also consider lateral (i.e., terrestrial runoff) and longitudinal (i.e., transport of lake production) resource transfers, and how they are influenced by catchment-scale land use and land cover.
Neither did we find support for our second hypothesis, i.e., that allochthony would increase as a consequence of seasonal riparian plant litter input, as allochthony in black fly larvae in fact decreased over time, despite substantial peaks in litter inputs in the study region during this time of the year . Riparian plant litter resources may become available as food for black fly larvae via leaching of soluble compounds and/or after litter processing by microbes and detritivorous macroinvertebrates (Short & Maslin, 1977; Wallace et al., 1977; Jonsson & Malmqvist, 2005) . Recent communitywide assessments have illustrated this shift toward allochthonous support in autumn and winter (e.g., Junker & Cross, 2014) ; however, the specific connection between plant-litter processing (i.e., particle production) and filter feeders has been questioned (Heard & Richardson, 1995) , and neither do our results offer any support for such a link (cf. Carroll et al., 2016) . One reason we failed to observe this link could be that dissolved and particulate OM originating from detrital inputs only make up a small fraction of the total organic-matter pool in boreal streams with naturally high concentrations of terrestrial DOM (Laudon et al., 2011a, b; Jonsson et al., 2017) . Black fly larvae may use this DOM pool directly (Hershey et al., 1996; Cibrowski et al., 1997) , making it a challenge to observe a change toward another Stream names and values in bold are those sampled more than once during the study period terrestrial source (litter) throughout autumn. However, even the site that started the autumn with black fly larvae showing relatively high levels of autochthony showed no evidence of a shift toward more allochthonous support as litter processing ensued. Autochthony in caddisfly larvae was positively associated with a high proportion of agriculture in catchments. This relationship is likely due to agricultural land use resulting in runoff of nutrients (nitrogen and phosphorus), which stimulate in-stream primary production and increases availability of autochthonous food sources to consumers (Stenroth et al., 2015; Jonsson & Stenroth, 2016) . We found no similar association for autochthony in the black fly larvae, and this could possibly be explained by differences in diet between caddisfly and black fly larvae, with black fly larvae feeding on smaller sized particles (Wotton, 1976) , potentially including DOM (Hershey et al., 1996; Cibrowski et al., 1997) . By contrast, netspinning caddisfly larvae are known to feed on fine particulate organic matter (i.e., phytoplankton and/or small prey items) (Merritt & Cummins, 1996) . Nevertheless, forestry seemed to exert a stronger and more general influence on the resource base of filter feeders than did agriculture, which may be expected as forestry is much more widespread (i.e., represents a stronger gradient) than agriculture in the study region. Regardless, the associations between filter-feeder diets and both types of land use further emphasized that modifications in terrestrial environments can cause deviations from the expected relationship between stream size and autochthony versus allochthony in stream consumers (Finlay, 2011; Stenroth et al., 2015; Jonsson & Stenroth, 2016) . In fact, when variability of a range of environmental factors was taken into account, stream size (assuming a positive relationship with drainage area) explained no variation in autochthony in the black fly larvae, and there was even a negative relationship between stream size and autochthony in the caddisfly larvae. This negative relationship could Fig. 3 The variable weights of the first component in the PLS models for percentage of autochthony in black fly and caddisfly larvae. Positive weights indicate a positive relationship between the predictor and response variables and vice versa. Variables with grey bars have a VIP [ 0.7 and are, therefore, significant in the model, whereas white bars indicate a VIP \ 0.7. The PLS model explained 46.5% (two components) of the variation in autochthony in the black fly larvae and 56.1% (two components) of the variation in autochthony in the caddisfly larvae potentially reflect that these caddisflies (Hydropsyche spp.) specialize in feeding on lake primary production in small lake-outlet streams (Malmqvist & Eriksson, 1995) . However, because distance to lake was not significant for autochthony in the caddisfly larvae, the support for this explanation is rather weak.
Besides proportional cover of agricultural land, lakes and wetlands also showed positive associations with filter-feeder autochthony. These results are intriguing as they suggest that, independent of a site's position in the catchment, as defined by drainage area and distance from a lake outlet, lakes deliver sufficient amounts of autochthonous production to control the level of autochthony in filter-feeding organisms, at distances further away from lake outlets than previously thought (e.g., Malmqvist & Eriksson, 1995; Wotton et al., 1996) . One alternative, or maybe complementary, explanation is that lakes (Jonsson & Jansson, 1997) and wetlands deliver nutrients to streams, and that these nutrients in turn stimulate aquatic primary production (Jansson et al., 2001 ) that increases the autochthonous diet in downstream filter feeders. Lakes and wetlands may also modify flow and/or thermal regimes in ways that additionally promote primary production downstream (Dolph et al., 2017) . Regardless of the mechanism, the catchment-scale importance of lakes for filter-feeder diet is further supported by the differences in autochthony in the black fly larvae from the streams that were repeatedly sampled; the highest black fly autochthony was found in streams with the highest occurrence of lakes in the catchment, whereas the stream without lakes showed the lowest black fly autochthony. Here, the level of autochthony in black fly larvae was also related to distance to nearest upstream lake, as proportion of lake in the catchment and distance to lake were related, but our analyses using all sites indicate that proportion of lake is more important than distance to nearest lake when both factors are taken into account. In this sense, the diet of filter feeders seems to better reflect landscape characteristics and processes occurring at the catchment scale than stream size and characteristics of the local riparian vegetation (sensu Vannote et al., 1980; Collins et al., 2016) . Further, although we found no clear correspondence between standing stock of black fly larvae and their level of autochthony, failure to find black fly larvae at all sampling events in the two most allochthonous sites suggests, as one would expect, lowered total secondary production in these sites (Jenkins, 2015) .
In conclusion, our results indicate that the autochthony versus allochthony in stream-living filterfeeding insect larvae in the boreal region is better explained by characteristics of the catchment rather than by local conditions, such as channel width and canopy openness. Whether or not similar patterns can also be seen in active feeders, such as shredders, collectors, and predators, is a matter for future studies. Irrespective, as filter feeders are widespread and often locally abundant, these results are generally relevant for in-stream secondary production (Brett et al., 2009 (Brett et al., , 2017 , important ecosystem processes (Wallace & Webster, 1996; Malmqvist et al., 2004) , and the quality of aquatic subsidies for riparian insectivores (Stenroth et al., 2015; Fritz et al., 2017) . From an applied perspective, our results indicate that the diet of filter feeders can serve as a useful proxy for measuring broad-scale consequences of land use on downstream food webs, as it reflects upstream environmental change in a time-integrated fashion. In particular, the diet of caddisfly larvae seems suitable for measuring consequences of agricultural activity on the particulate-matter pool in catchments.
